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SUMMARY 

The  effect of base  bleed  on  the  base  force of a supersonic- 
interceptor  model was investigated  in  the  Lewis 8- by  6-foot  supersonic 
wind  tunnel. %TO groups of fixed-geometry  nozzles  and  shroud  combina- 
tions  simulating  double-iris-type  configurations  were  evaluated  over a 
range  of  secondary  to  primary  exit-diameter  ratios  from 1.12 to 1.65. 
The  shroud  lengths  varied from 0.09 nozzle  diameter  ahead  to 0.19 noz- 
zle  diameter  aft of the  plane  of  the  nozzle  exit.  Secondary-  to 
primary-flow  ratios  reaching 10 percent  were  investigated for primary 
pressure  ratios up to approximately 16 at Mach  numbers of 0.6, 1.5, 1.6, 
1.7, and 2.0. 

0 
0 
I r -  

" In general,  base  pressures  greater  than  ambient  were  obtained at the 
engine  operating  pressure  ratioe of the  prhnary  nozzle.  This  effective 
thrust WBB further  increased  with  increases in  secondary  bleed  flow. 
Unless  the  secondary  air is used  for  purposes  other  than  bleeding 
into  the  base  region or is taken  from  the  low-energy  boundary  layer,  the 
penalty  of  taking  the  air  aboard  is too great 
pared  with  the  thrust  increases  obtained. 

to be practical  when  com- 

IVI'RODUCTION 

The  blunt  annular  region  between  the  exit 
1 

nozzle of a jet  engine 
and the  afterbody skin enclosing  the nozzle is subject t o  a force  gener- 
ally referred to as  base  drag. In terms of the t o t a l  vehicle  drag,  the 
base  drag may assume  varying  degrees of importance,  depending  upon  the 
particular  nozzle-afterbody  configuration,  the  stream  velocity,  and  the 
nozzle  pressure  ratio. 

. Previously  reported  work  (refs. 1 to 4) has  indicated  the  magnitude 

" be reduce&  appreciably by bleeding small amounts of aTr  into  the  base 

and  variation of base  force with body  configuration and operating  condi- 
tions. I n  particular,  it  has  been  demonstrated  that  the  base  drag may 

region  (refs. 1 to 3). This  introduction  of mass flow  into  the.base 
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region  not only ten&  to increase.the  local  atatic.pressure by reducing 
the  free-stream expansion in the region of the afterbody  but a l s o  con- 
tributes a thrust to.the configuration... Preyioue investigations of 
these effects were dose ..Kith .ideal.ized  configurations  representing  gener- 
a l  design  trends. As part  of a program  to  evaluate a proposed  int-ercep. 
tor  aircraft, data were  taken on the  effect .of f l o w  exiting  through  the 
annular  base on base  force  at free-etrem Mach  qumbers of 0.6, 1.5, 1.6, 
1.7, and 2.0. Two types of afterbody-nozzle  configurations were tested 
at  nozzle  pressure  ratios fkom j e H f  to  greater  than 16. Secondary 
mass f lows were varied from 0.4 percent  to.  .qpproximately 10 percent of 
the  primary-nozzlemass flow. 3ome data were a lso  taken- on  the  influence 
of the  primary-jet  temperature on the base force. 

A 

C 
j 

'n 

C 

H 

M 

m 

P 

9 

S 

P 

S/D* 

T 

v 
w 

SYMBOLS 

The  following symbols are used in  this  report: 

area,  sq ft . - 

secondary- jet-thrust 

secondary-net-thrust 

. .  . .  

%-c + msvs - 
. - . .  . 

coefficient, 
%%ax 

pressure  coefficient, (E. - PO)/% 
total  pressure, l b / s q  ft 

Mach  number 

mass flow, slugs/sec 

static  pressure, lb/sq ft 

dynamic pressure, 5 pM2>. lb/s.g ft - . - .. .. . . . . .". . -. ". . . .. . . 

distance  between  end of nozzle and end of shroud [measured  posi- 
tive when 8hro.ud ... is  longer than  nozzle).. 

spacing  ratio 

total  temperature, OR 

velocity,  ft/sec 

nozzle  weight  flow, lb/sec 

II 

c 

.. 
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- r '  ratio of specific  heats 
WS< 

wP$ 

4 ratio  of  secondary  to pr-y yeight-flow  parameter, 

Subscripts: 

b base annulus 

max  maximum  body  cross  section, 0.336 sq ft 
. . . - . . " . - - - - - 

P primary 

S secondary 

0 free  stream 

A APPARATUS AND PROCEDURE 

3 The  basic  apparatus  employed  was a l/lO-scale  model of the  fuselage 
r;' of a delta-wing  supersonic  interceptor.  The  body  supports  simulated 
0 u the  wings  and  served  as  hollow  struts  for  the  ducting  of  high-pressure 

air  into  the  model  (fig. l(a> ) . The  method of measuring  weight flows, 
temperatures,  and  pressures of primary and secondary  flows was essen- 
tially  the  same  as  that  given  in  reference 5. In summary, the  rate of 
air flow to  the  model  was  measured by an A.S.M.E. type  orifice i n  the 
air  supply  line.  After  entering  the model, this  internal  air was turned 
90° and  passed  through  the  primary- and secondary-flow  passages. 
Secondary-air  flow was controlled by a sliding-valve  arrangement  at  the 
perforated  ring  (fig. l(b)), which  had  been  given a bench-test  calibra- 
tion. I n  order to avoid  possible  formation of condensation  shocks  in  the 
nozzle,  the air was preheated  to  approximately 700° R prior  to  entering 
the  model. The hot-flow  data  were  obtained by burning  fuel  in a can- 
type  burner  installed  in  the  model  afterbody.  Pcimary-flow  temperatures 
could  thus  be  increased up  to  approxFmately 300O0 I?. 

- 

Details of the  internal and external  geometry of the  afterbody  sec- 
tion  are shown in  figure l(b). Also indicated  is  the  method of attach- 
ment of the  shroud-nozzle  combination to the  assymmetric  afterbody. 
Variable-geometry  nozzle-shroud  combinations  were  simulated  with  two 
series of fixed-geometry  configurations.  The  first  group  represents a 
two-position  nozzle  of  relatively  rapid  convergence  and  will  be  referred 

tions of a double-iris  arrangement having relatively  gradual  nozzle  con- 
vergence  and will be  referred  to  as  group B (fig.  2(b)). 

. to  as  group A (fig. 2(a) 1. The rmining nozzles  simulate  various  posi- 

- 
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A method of configuration  identification is used  in  which  the  letter 
indicates  the configur&mgrrp- The first  number is the  diameter 
ratio  (ratio of shroud  diameter to .primary-nozzle  diameter Ds/Dp) and 
the  second  number  is  the  spacing  ratio  (distance  between  end of shroud 
and  end of primary  nozzle  divided  by  primary-nozzle  diameter S/Dp). 
In group A, figure 2(a),  configurations A 1.12-0.057 and A 1.65-0 repre- 
sent  the  nonafterburning  nozzle  position  with  two  alternative shrouh. 
Configuration A 1.24-0 represents  the  afterburning  nozzle  position. Con- 
figuration B 1.39-0.09 represents  the  nonafterburning  position of the 
group B nozzles,  figure 2(b), while  configurat.ions..B 1.27-(-0.010) and B 
1.18-(-0.06) represent  various  afterburning  positions  corresponding  to 
increases-  in  flight  Mach.-number  to 2.0. Nozzle B 1.18-(-0.14) is a modi- 
fied  version  of  nozzle 33 1.13-(-0.19), wherein  the  slight  divergence  at 
the  exit has been  replaced  by a straight  section. 

Internal statk-pressure measuring  stations  are  shown  in  figure l(b). 
Inasmuch as the  secondary  passage  area was large  and  the  velocity low, 
the  static  orFfices  uear  the  secondary-air  inlet  holes  were  assumed  to 
read  essentially  total  pressure P,. The  assumption of isentropic  flow 
to the  exit was checked by i n s t a l l i n g  total-pressure  tubes in the region 
between  the  shroud  and  the  nozzle for several.  runs.  Discrepancies  were 
generally  small  and &e not  be1ieve.d. to -be.-..&i;pifi-c+t, A slight  cor- 
rection was applied to the  secondary-air  flow  to  account"for  ieakage 
through  the small-gap between  the  shroud and the  afterbody. One- 
dimensional  approximations  were used to calcu$ate.tbe t o t a l  secpndary 
exit  momentum  from  the  calibrated mass f l o w  ad.$he static  pressure 
measured at the rearward stat ian.. indicated.L.s.Clgure l{b). 

_ I  ... 

Similar  calculations were md.e for  the  hot-flow.  data-except that, 
for  the  primary  nozzle,  the  weight  of  the fuel vas .added.to  the  air 
flow to obtain  the  total primary weight flow. Reynolds number  range 
in  the  test ection varied  apprpximately  from 4x106 to 5xLo6 per foot of 
tunnel  length. 

RESULTS AND DISCUSSION 

Usually  the force applied  to a base  region I s  referred  to as ba8e . 
drag.  However,  since for the configurations  considered  in  this  report 
an  exit  flow  momentum  is  added  to  the  conventional  base  drag  definition, 
this  base  force will-be designated  as  secondary-jet-thrust  coefficient 
C j .  Similarly,  secondary-net-thrust  coefficient C, is  used  to  define 
the  difference  between  the  total  momentum a t  the secondary  exit  and 
the  f'ree-stream  momentum of the  secondary mass f l o w .  Figures 3 a i i  4 , 

illustrate  the  variatlon of-secandary jet  thrust  with  Mach  number,  noz- 
zle  pressure  ratio, and amount of secondary  base  bleed for nozzle groupe 
A and B. Primary-nozzle  pressure ratios far a representative  jet engine 
are  indicated  by an arrow on the  abscissas of the figures. 

.. . .. 

s 

" 

.. 
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- For  both  nozzle  groups  the  increase of base  force  with  secondary 
flow  is  in  agreement  with  previously  published  results  (ref. 4 ) .  Dif- 
ferences  in  base  force  for a jet-off  condition ( /po = 1) are  generally 
small for  the  group A configurations  (fig. 3). 3 owever,  at  Mach 1.7, 
configuration A 1.12-0.057, despite having a greater shroud convergence 
angle,  definitely  has a higher thrust base  force  than  either  configuration 
A 1.24-0  or  configuration A 1.65-0. This higher  thrust  base  force  is, 
in  part,  attributable ts, the  smaller  diameter  ratio;  previously  estab- 
lished  results  (fig. 6 of  ref. 4 )  have  indicated a rising  base  pressure 
with  decreasing  diameter  ratio. 

With  primary  flow  and at similar  values of the  secondary-flow  para- 
meter w &, the  highest  secondary Jet thrust  for group A nozzles was 
generally  obtained  with  configuration A 1.24-0. Since  an  increase  in 
base thrust with  decreasing  nozzle  convergence has been  demonstrated  in 
reference 6, this  result  is  probably  associated  with  the  fact  that  the 
nozzle  of  configuration A 1.24-0 induced  the  least  convergence of the 
primary  exit  flow. 

In contrast  with  the  trend  observed  for  configuration A 1.12-0.057, 
for  jet-on  conditions,  the group B configurations  having  the  lowest 
shroud  angles  generally had the  highest  base  pressure. This indicates 

I that,  with  the  given  afterbody,  lower-angle  shroud  extensions  cause 
greater  compreesipn of the...external flow  and  reeult  in  higher  local 
static  pressures in the  region of the  base.  Inasmuch  as  the  magnitude 

the  shroud,  these  trends  might  be  expected (ref. 7). 
.- of  the  base  pressure  depenas  greatly on the  pressures erienced along 

Data were  taken  with  both  series of nozzle-afterbody  configurations 
at primary-nozzle  temperatures  ranging  from 70O0 to 3000O R. Since 
the hot-flow data  are  limited, a complete  analysis was not attempted. 
However,  addition  of  heat to the  primary  stream  resulted  in  slightly 
higher  base  pressures  than  equivalent  cold-flow data. These  slight 
differences  may  be  caused by the effect of a change  in  specific  heats, 
a8 was noted in reference 8. 

The  varistion  of  the  bleed  pressure  ratio BS/po with  the  base 
bleed-flow  parameter and the  primary-nozzle  pressure  ratio  is  indicated 
in  figures 5 and 6. Over the  Mach  number  range  investigated,  the  trends 
are  similar  for all configurations of both  nozzle  groups.  For any  one 
nozzle  configuration, an increase  in  free-stream  Mach  number  results 
in a decrease in the  bleed  pressure  ratio  for  constant  values  of  primary 
pressure  ratio  and  weight-flow  parmleter.  Since  the  bleed  flow  was small 
and  at a low pressure  ratio,  it  remained  unchoked.  Consequently, an in- 
crease  in Mo, which  for  these  configurations  lowers  the  static  pressure 
in  the  base  region,  requires a corresponding  decrease in secondary  total 
pressure Ha to  maintain  the  same  value  of  the  weight-flow  parameter 

1 
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This r educ t ion   i n  %. i s  in te rpre ted  as lowering the base bleed pres- 
sure ratio. . . . . . . . . .  - . .  . . . .  ". " " .. .. - .  

A comparison af the nonejector  base bleed configurations  of t h b  
report   with  ejector  configurations formed by extending  the  shrouds (ref. 
5) indicate8 tbt  the nonejectors. ,require lwer s.econdary  preasure  ratios 
H , / ~ O  t o  pump a given  sec-opdary-flow  parameter cur:+ than  did similar 
ejector   canfigurat ions.  . 

. " . 

. ......... - 
. ..... " .. - . . .  .- .. 
. . .   . .  . .  _I , 

Previously  presented data of this report  have been  cross-plotted i n  
f igu re  7 t o  show t h e . e f f e c t o f   i n c r e a s i n g  6ec-O- weight  flow on sec- 
ondary j e t  t h r u s t  a t  typical  engine operating pressure   ra t ios .  In ad- 
d i t ion ,   f ree-s t ream. in le t  momentum of seco@ary-_air was . . .  - subtracted from 
the secondary j e t  t h r u s t  C.J t o  give a ne t  base t h r u s t  . Increaefng 
the secondary-weight-flow parameter w <= from 0.005 t o  c8 .05 increased 
the  secondary-jet-thrust   coefficients a t  supergonic  speeh  by amounts 
corresponding t o  a maximum of 1"percen-t of a representat ive  a i rplane 
drag. However, the curves of net-base-thrus:t   coefficient  indicate thaC 
the  loss i n  free-stream in le t .  momentum 5s too @eat a p e n a l t y   t o  pay for 
t h e  amount of base-thrust   increase  obtained, %evzous work (ref. I) with 
a high-bRse-drag  configuration  indicated that scooping-base bleed air 
from t h e  inner layers of %he baundary Layer gave  appr6xImately a 7.5- 
percent;  reduction of t o t a l  model fuselage ..wag. If, as  - intended for 
this  configuration, the a i r  is  taken  abaard-for  purposes of engine anif 
afterburner  .coaling,  then  increases . in tbrue%.may be realized by releasing 
t h i s   a i r  i n  the  base,  regions. The.  cwrvea of f i g u r e  . . .  7 may be  conserva- 
t ive ,   s ince  the secondary  flow was assumed t o  be a t  free-stream tempera- 
t u r e  In an ac tua l  wse, . the se.ca ,darg flow._+ll be a t  a higher temger- 
a tu re  than  the   ex te rna l  stream,. thereby  reducing  secondary  .weight flow- 
a t  constant  weight-flow  ratio parameter a,+ and consequently de- 
creasing ~ e , i n l e t  momentum penalty.  . . .  . . . .  

- . ,. 

. .  

.. 

... 

. . . . . . .  - . - .. 
. . . . .  
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SUMMARY OF RFSuI;TS 

The e f f e c t  of secondary-air flow on the  base  force of the  two groups 
of nozzle-shroud  coeiguratiopq,was  investi-gated over .- . . . . .  a -. range of pres- 
sure  rat!.os from j e t - o f f   t o  greater than 16 a t  free-streaKMach.numbers 
of 0.6, 1.5, 1 .6 ,  1.7, and 2.0. For this ran$e .of variables ,   the  f o l -  
lowing carrclusions were reached,: 

. .  

- -  ." . " .- . "" "_.. . . . . . . . .  -. 

1. For both   se r ies  af nozzle configurations, an increase i n  the f low 
out  of the base  annulus  caused a corresponding  increase.in base t h r u s t .  
I n  general, for one of the  nozzle families. i h w s t u a t e d ,  the configura- 
tions  having  the  loweat shroud angles (measured  with  reepect t o  the 
body cen te r   l i ne )  had the highest  base tW6.t. . .  

... 
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2. At a constant  primary-pressure  ratio,  an  increase  in  free-stream 
Mach  number  caused a decrease  in  model  base  pressure.  Since  the  amount 
of secondary  flow was small and at a low secondary  total  pressure, 
it  remained  unchoked  and  subject  to  external  conditions.  Consequently, 
increasing  the  free-stream MEtch  number  lowered  the  base  pressure  and, 
in  turn,  decreased  the  required  secondary  total  pressure  to  maintain  the 
same  value of the  weight-flow  parameter. 

c 

3. In general,  base  pressures  greater  than  ambient  were  obtained  at 
the  engine  operating  pressure  ratios of the  primary  nozzle.  At  these 
pressure  ratios,  increasing  the  secondary  flow  from 0.5 to 5 percent of 
the  primary  flow  increased  the  base  thrust i n  amounts  corresponding  to 
a maximum of 7 percent of the  total  drag  of a supersonic  airplane. 
However,  unless  the  secondary  afr  is  used  for  purposes  other  than  bleeding 
into  the  base  region  or is taken  from  the  low-energy  boundary  layer,  the 
penalty of taking  the  air  aboard  is t oo  great  to  be  practical  when  com- 
pared  with  the  thrust  increases  obtained. 
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(a) Schematic aTawing of jet-exit model i n  8- by 6-foot test section. 

Figure 1. - Experimental apparatus. 
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(a) Group A nozzles. 

B L N e  2. - Schematic of nozzle geometry. 
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(b) Group B nozzles. 

F i w e  2. - Concluaed. Schematic of nozzle geometry. 
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1 I 

(a) Configuration 1.12-0.057. 

Figure 3. - Secondary-jet-thrust coefficient for group A nozzles. 
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(b) Codiguratioa 1.24-0. .. . . ." 

Figure 5 .  - Cont-d. Secondary-Jet-tiu+. coeefflci_ent,for-ep-oup h nozzles. 
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(a) Configuration 1.39-0.09.. 

Figure 4. - Secondary-Jet-thrust coefficient for group B 
nozzles. 
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(b) Configuration 1.27-(-10). 

Figure 4. - Continued. Secondary-jet-thmst coefficient for group B nozzles. 
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Flgure 4. - Continued.  Secondary-jet-thrust  coelflclent f o r  group B nozzles .  
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(e) Configuration 1.18-(-0.14). 

Pigure 4. - Concluded.  Secondary-jet-thrust  coefficient for  group B nozzles. 
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(a) Configuration 1.12-0.057. 
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Figure 5. - Becondary-flow characteristics of group A nozzles. - 



NACA RM E54G28 21 

1.4 

1.0 

.6 

1.6 

1.2 

.8 

1.2 

.8 

W Weight-f low parameter, I - % = 1.5 I ad7 
0 0.007 

.Ole 

.046 
1 I I .E1 f 

0 '4 8 12 
Primary-nozzle pressure ratio, H /p 

P O  
(b) Configuration 1.24-0. 

Figure 5. - Continued. Secondary-flow characteristics 
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Figure 7. - Effect of inlet  momentum l o s s  on base 
thrust coefficient. Cd, secondary-jet-thrust 
coefficient; Cn, secondary-net-thrust coefficientj 
%, free-stream Mach number; %/PO, primary-nozzle 
pressure ratio. 
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(b) Configuration 1.18-(-0.06). I 

Figure 7. - Concluded. Effect  of inlet momentum loss on base t h r u s t  
coefficient. CJ, secondary-jet-thrust  coefficient; C,, secondary- 
net-thrust  coefficient; Mg, free-stream Mach number; Hp/p~ ,  primary- 
nozzle  pressure ra t io .  . . . . . . . - -. - . - . . . . . . .  . . . - ." 
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